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SUMMARY

Measurements of radiocactivity near the Proton Bast Target Box
indicated a shielding capability LO per cent of that predicted.
As expected, the present amount of soil activation was no hazard. 4n
average intensity during 1975 of five per cent of the maximum capability
accounted for the low soil activation. The technique used in the
measurements was a simple and inexpensive one, Radiocactivity was
measured in copper and aluminum tags on top of the target box. These
results yielded soil 22N concentrations after the application of
suitable correction factors: a conversion factor from tag to soil
concentrations and attenuation factors for the additional shielding
thicknesses. An integration was then performed to obtain the total
soil 22Na activity.

Recommendations were made for further tests and for improving

the shielding,

- iV -
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1. INTRODUCTLON

I determined radicactivity in the soil under the Proton East
(P East) Target Box to answer two questions:

1. Is the present amount of soil activation hazardous?

2. Is the shielding of the soil adeqguate for around-the-clock

operation at the original design's maximum intensity of
2 x 10%° protons per second on target?l |

Since the total number of protons delivered to the P East target
during 1975 was only two per cent of the designed maximum per year,

I expected a "No" answer to the first question. -No one had considered
the second questién. I decided to look for the answer because the proton
beam intensity recently reached about LO per cent of the design intensity
for brief periods and extended operations at even higher intensities is
possible,

Since the total number of protons on target has been small, I did
not believe an expensive soil boring opsration, such as was done in the
Neutrino Area, was warranted for the P East Tarpget Box. Instead, I
conducted a simple, inexpensive activation measurement using copper and
aluminum tags (Section 2). The 22ya concentration in an aluminum tag
is easily related to the concentration of 22Na in Fermilab soil at the
same location.? That radionuclide and 3H (tritium) are the two loné-
lived activities leachable from Fermilab soils., Limits are available
for safe annual production of them on site in unprotected soil,3 A
measurement of either activity is sufficient to determine a potential

hazard.
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I converted the tag results to activities in the soil using a
previously established ratio and then calculated the activities at
other soil depths using the rate of change in activity with distance
predicted by-a model, I summed up all the contributions to get the
total activity (Section 3) and determined the maximum number of protons
per second for safe around-the-clock operation with the existing shielding.
I then converted the total activity in the soil to that for the original
design shielding and calculated the corresponding maximum permissible
intensity. I compared that maximum with the value obtained in the
original desipn calculation and made recommendations for future work

(Section 6).

2. TAG ACTIVATION MEASURGEMENT

To avoid the expense of soil borings to determine soil activation,
T placed aluminum and copper disks (tags) on top of the P East Target
Box (Fig., 1). These were irradiated from Yay 12 to July 7, 1975, by
secondary particles from the interaction of 2 x 1017 protons (total)
in the target box, Because the steel shielding in the target box
limited accurate measurements of 22Na in aluminum to a few locations,

copper tag resulis were used to obtain concentrations by the following

technique:
1. The Sth activity was measured in each copper tapg (Fig., 2),
That radionuclide has a shorter half-1ife than 22Na (310 days
compared to 950 days for 22Na), However, the period of irradiation
was sufficiently short (56 days) that the error introduced by
radiocactive decay during the irradiation was small, about ten

per cent. The somewhat higher threshold for Sk production
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in copper compared with 22Na in aluminum also introduced some
error.h’5

2. The ratio between Shin in copper and 22§a in aluminum was
determined at the point of highest activation.

3. The ratio at the point of hiphest activation was used to
calculate 22Na concentrations from the measurements of SMMn activity
at other locations (Table 1).

L, Each aluminum 224a concentration resulting from the preceding
step was then converted to a 22Na concentration in Fermilab soil

at, the same location by dividing by 3.3L4, a constant determined

in a previous measurement ., 2

3., DETERMINATION OF TOTAL SOLL ACTIVITY

3.1 Concentrations Under the Target Box

To get the total amount of 22Na in the soil from the tag measurements,
we next determined concentrations just below the target box., I measured
the thickness of steel in the box to see if a correction was needed for
differences in steel thickness above and below the target box, ZExcept
for the last 1k feet, the thickness of the target box was four inches
greater below the target than above. The thickness was three inches
less for the last 1l feet. To determine the corrections for the
differences in thickness, I used the nuclear cascade model that A,

Van Ginneken uses.-® Then I obtained concentrations in the soil below
the 20-inch thick c¢oncrete floor using the same technique and replacing
the concrete by its‘equivalent for shielding purposes--20 cm of iron. 7

The details are shown in Appendix 1 and the results are given in Table 2.
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Table 1. 22Na Soil Concentratisns at Tae Locations

Di.stance From Concentrations {(pCi/g)
Front of
Target Box 5lim in Cu  22Na in AL  22Na in A1 22Na in Fermi-
(cm) lab Soil
measured measured calculated calculated
0 55 % | 6l 19
60 107 = 6 1354 1l 12L 37
120 164t 7 190t 17 190 57
180 118+ ¢ 171416 137 1
2o 9% 8 Got12 92 28
300 63+ 5 73 22
360 W8+ L 56 17
120 L + L | 56 17
L8O 29 + 3 3k 10
5L0 i+ 2 16 5
500 h* 2 15 5
660 e £ 3 o8 8
720 W7+ b ol 16
780 ' Lo £ L 57 17
8li0 30 + 3 35 | 10
900 1S+ 3 17 5
960 23+ L 3ht 7 32 10
1020 103 * 6 129+ 1L 119 36
1080 9L T 4 79% 11 109 33
1140 L6+ | E8 53 16
KB canbrnion 1a ahuinuon = 2,54
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Table 2. 22Na Concentrations in the Soil Adjacent to the Target'Box

Distance Z 22

Na Scil Concentrations Just Outside Concrete Enclosure
from Front i

End of Underneath West Side Above East Side
Tar@gg:;)BOx PCif PCify3 pCif PCif3 PCi/ PCLL 3 PCi/ PCi/ 3
5, (2) s, (2) 541(2) 5,(2)
0 1.9 4.6 0.19 0.46 6.7 1lé 0.047 0.11
60 3.7 8.9 0.37 0.89 13 31 0.092 0.22
120 14 34 3.4 8.2 30 72 1.5 3.5
180 10 25 2.5 5.9 22 52 1.0 2.5
240 7.9 19 2.2 5.3 15 37 1.0 2.4
300 6.2 15 1.7 4.2 12 29 0.81 1.9
360 4.8 11 1.3 3.2 9.4 23 0.62 1.5
420 4.8 11 . 1.3 3.2 9.4 23 0.62 1.5
480 2.9 7.0 .81 1.9 5.7 14 0.38 0.90
540 1.4 3.3 0.38 0,91 2.7 6.5 0.18 0.42
600 1.4 3.3 0.38 0.91 2.7 6.5 0.18 0.42
660 2.4 5.7 0.67 1.6 4.7 1l 0.31 0.74
720 4.6 22 1l.3 3.1 5.1 22 0.60 1.4
780 4.9 23 1.4 3.3 9.6 23 0.63 1.5
840 3.0 14 0.83 2.0 5.9 14 0.39 0.93
900 1.5 6.9 0.40 0.97 2.9 6.9 0.19 0.45
950 2.7 13 0.76 1.8 5.4 13 0.35 0.85
1020 10 48 2.8 6.8 20 48 1.3 3.2
1080 9.3 44 2.6 6.2 18 44 1.2 2.9
1140 4.5 21 1.3 3.0 8.9 21 0.59 1.4




3.2 Attenuation in. the Soil

Since the elemental compositions of soil and concrete are similar,
I assumed that the total production of 22§a in them is equal. Then I
used the curves of Van (inneken for concrete to determine the decrease
in 22Na production with depth in the soil. Using the curves (Fig. 3),
I found that this decrease, or attenuation, could be represented by an
exponential function, For radial distances r corresponding to locations
in the soil beneath the target box the exponential takes the form
axp [}0,0307 (r - Roi] , where r and Ry are the distances from the target
axis to the point in guestion and to the top of the soil, respectively

(Fig. L).

3.3 Lateral Decrease

At a fixed depth below the target box the soil activation decreases
as one mpves laterally from the wertical centerline of the target., I
measured the rate of decrease earlier using a set of tags under the
target box (Fig. 5).8 The relative activity went from 1 to 0.7 to 0.35
as the lateral distance from the target went from O to 1.5 to 3 feet.
The exponential form in Section 3.2 above represented the lateral decrease

well (Appendix 2).

3.4 Integration
To obtain the total activity "I" in the soil, I integrated the

equation7
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Expressed in terms of the exponential decrsase (Section 3.2 above),

the function S (z,r, ¢f3) became

S(?, /z,ff) = S(zy) €

where S {z, ;!3) is the concentration in pCi/g at the longitudinal distance

_ 0,030’?[/2,-* f?o 0#)7

% from the front of the target box (Fig. 4). The lateral decrease

(Section 3.3 above) is explicitly shown by writing 5(z, ) as

Clzg) =SENE) < -o-0307 [, R (p)]

where M (99) is a multiplier to convert from the value of 3.(2) at gﬂ =0
4o the value at the desired value of ¢ (Appendix 2).

The longitudinal integration can be carried beyond the target box
{z preater than 1140 cm). The activation decreases about ten times for
every 150 cm increase in z for z greater than 1140 em and for values of
r corresponding to locations in the soil (r greater than 1LO em), See

Fig, 3. Thus, the exponential decrease 1s represented by

- 0.015‘/(2‘-//1,&‘:)

Sy (z) = 85 (o) € 7= lHoe,,

3.5 Result of Integration

The details of the integ_rration are shown in Appendix 3. The result

using the concentrations given in Table 2 for %(z) at. 90-- 0 is

——_

g z
T = 39x/0 50 o 379 Ci oFf “Wa,

The uncertainty in the calculation just from the approximations made
in using the curves of Van Ginneken and in integrating is estimated

to be 30 per cent. The uncertainties in the 2244 concentrations in
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soil at the tag locations are also about 30 per cent,

. MODEL FREDLCTLONS

L.1 Nuclear Cascade Model

I used the nuclear cascade model directly to get the 22Na concentration
in the soil. This model starts with a proton incident on the target
and traces the resulting cascade of secondary particles using a Monte
Carlo technique. A, Van Ginneken has found that the number of nuclear
interactions (stars) per cubic centimeter at larse radial distances
from the primary proton interaction ( r greater than 50 em in iron)

obeys the relation®

. B _ (—’L-Eu)
S(ey= 0735 o7 TE
)z L

4.2 Application to Design Shielding

Van Ginneken substituted the above relation for S(z, r, y) in

Equation 1 above and used the expression

A, (z) = 13.( + o0.047 Z

for the iron in the target box. He also assumed that the voids under
and above the target box would be filled with stesl (Fig, 1). He
calculated the total number of stars for the design shielding and
obtained 0.072 stars per incident proton in unprotected soil outside
the shielding or a maximum of 2,1 x 1012 protons/sec for around-the-
clock operation. The latter number was obtained using the criterion
that 0,0152 stars per incident proton will produce L2 mCi of 22Na per

year in unprotected soil for around-the-clock operation with 1013 protons
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per second striking the target.2’7

.3 Application to Shielding As Built

Since the Froton East Target Box was built with less stéel than
the desien called for, I repeated the above integration for the steel
used in the design calculation (Appendix L). For comparison with Van
Ginneken's result T neglected the contributions beyond the end of the
target box (about 10 per cent) and obtained a maximum of 8.5 x 1011

protons/sec for around-the-clock operation,

5. COMPARISON CF EXPERIMENTAL AND MODEL RESULTS

The 22Na activity produced in the soil was obtained by three methods:

1. An experiment gave measurements in aluminum and copper tags.
These results were used to calculate the activity for a given number of
protons on target.

2. A design called for a certain amount of steel. 4 model had
been used to find the number of protons on target to give 42 mCi of 22Na.,

3. A measurement of the amount of steel in the target box as built
revealed less than specified in the original design. Thu$, the results
from the tag measurements could not be compared directly with the design
calculation, I repeated the integration for the steel used in the design
caleulation and determined the number of protons required to give L2 mCi
of 22ya,

The three results appear in Table 3. The results show that the
maximum permissible proton intensity for around-the-clock operation is

one~third the desipn valué.
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Table 3. Comparison of Maximum Intensities

Maximum Permissible Intensity

(protons/sec)
1. Experiment for As Built Shielding 0.7 x 1012
2, Design Calculation 2.1 x 1042
3. Experimental Results Applied to 0.9 x 1012

Design Shielding
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The average number of protons per second incident on the target for
1975 was 3.7 x 10+0 protons/sec, or approximately five per cent of the
lowest limit in Table 3. For the preceding years it was even lower.
From those results I conclude that the 22Na activity in the soii at the

end of 1975 presents no radiation hazard.

6. RECCHMENDATIONS

The discrepancy between the experimental and design calculation
(Table 3) indicates a need for further tests. T recommend the following:

1. Make a Monte Carlo calculation, using the same model, to
calculate the activities in the tags and the total activity in the
soil. Do the calculation in detail with the best possible representation
of the target box and its contents.

2. Add steel to permit operation around-the-clock at 2 x 1012 protons
per second. Steel should be added first under the target box since there
are no underdrains below the enclosure floor, The underdrains around
the enclosure footings collect some water from the sides and top of the
enclosure. Hence, they should reduce the hazard from 22)a leached from
the soil above and to the side.

3, Make a set of soil borings to determine the activity directly.

T believe the first recommendation should be implemented this year.
The steel should be added and the soil borings made before the proton
intensity for around-the-clock operation exceeds 30 per cent of the

lowest limit in Table 3, This would provide an extra margin of safety.
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Appendix 1. CORR¥CTIONS FOR TIICKNE®S DIFFERENCES

The target box measurements revealed that the steel thickness
was not the same above and below the target. For the first 26 feet
{780 cm) the shielding above the target was 77 cm thick and for the
last 1L feet it was 95 em. The steel below the target was 90 cm
thick for the entire length of the box; however, there was an additional
50 em {20 inches) of concrete between the steel and the soil. This
amount of concrete is eguivalent to 20 cm of iron or steel for shielding
pﬁrposesg, making a total of 110 cm below the target.

We wish to determine the. °?Na activity in the soil underneath the
target box from the tag results above it. Since steel reduces the 22)5
production, we must, therefore, correct for the difference in stesl
thickness. The effect of steel on 22Na production is shown in Fig, 6
for 300 GeV protons striking iron. These curves resulted from a Monte
Carlo calculation by A, Van Ginnekenl which simulated the development
of the nuclear cascade, Note the decrease with thickness in the region
from 75 to 100 cm radially from the target. This region corresponds
to the location of the tags since the tarpet was in the center of the
cross-hatched region labeled "Drawers" in Fig. 1.

From Fig. 6 the decrease in °2Na activity with radial distance
depends somewhat on the longitudinal position (value of z), From the
change in thickness required to give a decrease of ten times (attenuwation
factor f of ten), I obtained an attenuation coefficientzbb. For
example, after the first ten feet (300 cm) the thickness required is

60 em, yielding the equation
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and the attenuation coefficient

P = 67.63538'7L.
Using the attenuation coefficients and the thickness differences (33 cm to
z = 720 cm and 15 cm for z greater than 720 ¢m), T obtained the attenuation
factors given in Table Al.l. The concentrations in Table 1 were divided
by these attenuation factors to obtain the 22)a concentrations in the
s0il just under the concrete (Table 2).

The same technique was used to find the soil activities just outside
the concrete on the sides and above the target box., The equivalent
thickness of steel on the west side was 143 cm and onlthe east side was
163 em, On top the concrete was 15 inches thick, giving an additional
steel thickness of 15 cm.! The resulting soil concentrations just
outside the concrete are given in Table 2. Since the total activity
was calculated using curves based on attenuation in ordinary concrete,
the concentration in pCi/em3 needed for that intepration (Appendix 3)
is also given. It was determined using the density 2.L g/cm3 for

ordinary concrete, 7
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Table Al.l. Attenuation Factors to Convert to Soil Activities
Outside the Concrete Enclosure.

r——

Longitudinal Distance 2 '
From Front End of Target Thickness Attenuation Attenuation
Box for £ = 10 Coefficient Factor

(cm) (cm) u f

0 33 0.06978 10
6 0 L n "
1290 54 0.04264 4.084
l 8 0 " L1} "
240 60 0.038B38 3.548
3 0 0 " " n
36 0 M " n o
4 2 0 1] n "
4 8 0 1] n L1}
5 4 0 " u L]
600 " 1] n
6 6 0 L1 [1] . t
720 " " "
780 " " L.778
84 0 " " "
g 0 0 n n "
9 6 0 [ 1] " . n
1020 " W "
l 0 8 0 " " 1
1140 " n "
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Appendix 2, COMPARISON OF LATERAL DECREASES

The rectangular shepe of the target box results in a 22Na decrease
as one moves laterally from the centerline to the edge of the box.
The increased thickness of steel accounts for this decrease in activity.
In an earlier experiment8 tags were placed underneath the box (Fig, g) to
measure this decrease. The tags were at LS5 cm intervals across the box
at about L20 cm from the front end, The average of the results (for 22Na
in aluminum) on both sides of the centerline showed a decrease in
relative activity from 1 to 0.7 to 0.35 as the lateral distance increased
from 0 to L5 to 90 cm,

The expected decrease in 22yg production was calculated using the
attenuation factor at z = L20 cm from Table Al.l. The exponential
evaluated was

sty {__O,o_??‘f'K@?)"ﬁ(o)]}

with ﬁ?d (lfa‘)as defined in Fig. L. The results are given in Table A2.1

along with results using the expression

Mo | - 0051 BGR. 6]
The latter expression was obtained for concrete in Section 3.2, Since
it apreed better with experiment and also simplified the integration
for total 22Na activity (Appendix A3), the expression with attenuvation
coefficient 0,0307 was used to represent the lateral decrease,

Using L5 cm steps and the attenuation coeffieient 0,03C7, I

calculated the lateral decreases Mj(tf) for the sides and top in the
same manner. The results are tabulated in Table A2,2 for the "as built"

steel and in Table A2.3 for the desigm configuration (Fig. 7).
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of Lateral Decreases

Lateral Distance

22

Relative Na Activity

{cm) Measured Calculated
p = 0.0384 pn = 0.0307
0 1.0 1.0 1.0
45 0.7 0.7 0.76
30 0.35 0.29 0.37
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Table A2.2. Values of Multiplier Mj{(§) for "As Built" Target

Box.
Location - @ Interval Ro (y) M3 ()
(radians)
Bottom - 0.887 to - 0.977 174.1 0.140
j =1 0.887 to 0.915 " "
* 0.6886 to t 0.887 142.1 0.373
+ 0.388 to £ 0.686 118.8 0.762
0 to * 0.388 110.0 1.000
West - 0.562 to 0.656 169.0 0.451
First 26 ft.  0.305 to * 0.562 149.9 0.809
j o= 2 0 to £ 0.3058 . 143.0 1.000
West + 0.562 to * 0.656 169.0 0.451
Last 14 ft. * 0.305 to = 0.562 149.9 0.809
j = 2 0 to * 0.305 143.0 1.000
Top - 0.983 to - 1.009 162.2 0.10%
First 26 ft. 0.983 to 1.066 " "
j =3 * 0.785 to £ 0.983 127.3 0.318
t 0.463 to £ 0.785 100.6 0.722
0 to 0.463 90.0 1.000
Top -~ 0.887 to - 0.915 174.1 0.140
Last 14 ft. 0.887 to 0.977 " "
3 =3 * 0.686 to * 0.887 142.1 0.373
£ 0.388 to * 0.686 118.8 0.762
0 to ¥ 0.388 110.0 1.000
East 0.504 to 0.594 186.2 0.491
First 26 ft. *+ 0.269 to * 0.504 169.1 0.829
j = 4 0 to & 0.269 163.0 1.000
Bast + 0.504 to = 0.594 186.2 0.491
Last 14 ft. * 0.269 to * 0.504 1l69.1 0.829
9 = 4 0 to + 0.269 163.0 1.000
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Values of Multiplier Mj {¥) for Design Steel

Location Interval Ro () M3y ()
{(radians)

Bottom *+ 0.602 to = 0.7854 158.9 0.424

3 =5 .+ 0.331 to = 0,602 138.5 0.794

: 0 to £ 0.331 131.0 1.000

West - 0.602 to -~ 0.7854 158.9 0.424
=5 0.602 to  0.698 " "

+ 0.331 to % 0.602 138.5 0.794

0 to * 0.331 131.0 1.000

Top + 0.686 to * 0.872 142.1 0.373

j=1 * (.388 to £ 0.686 118.8 6.762

0 to + 0.388 110.0 1.000

Bast 0.602 to 0.7854 158.9 0.424
i =5 ~ 0.602 to - 0.698 " o

+ 0.331 to £ 0.602 138.5 0.794

0 to £ (.331 131.0 1.000
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Appendix 3. CALCULATLON OF TOTAL ACTIVITY IN SOIL

The rectangular shape of the target box permitted a separation

of Equation 1 in Section 3.L into four sets of equations, one set for
each side , one for the top, and one for the bottom of the tarcet box.
The concrete encleosure's attenuation was included in the squations by
converting the concrete into an equivalent amaunt of steel.? The
target drawers were assumed to be solid steel (Fig. 1). The resulting
cross sectional views for the equivalent steel box are shown in Fig. 8.
Note that the steel is thicker on top for the last 1l feet (Fig. 8b).
The details of the integrations to find the total 22Na activity in the

soil outside the squivalent steel box are given below.

A3.1 Integration for the First 26 Feet

The equations used for the first 26 feet of the P East Tarpget Box

(Of___ z < 780 cm) were as follows:

0: 715" L, Z=790 n 0 o, e2e7(110)
Io-ze :ﬁ?m‘(w ol /’ .5‘1, (z) € n dn

-0,977 Z Fo ‘112'/!0-;&“?;

77/2+o.562 T=780 —0.0307 /t—/‘:‘i’)
Japmag iz [, e 7
065 o Lyc143 g

T+1.066 780 o0 _o0z07 (r~7¢2)

* | dp Myt 4ng (z) & 2
M- looy 7o 700nc P |

3% 0.59F 100 _0,0307 6?-— /63)
L0 My (g dézf%f(?)e 2 b .

SZ/_ 0, 504 "o /6-—?&447
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Since the source terms S}(z) are available every 60 cm (Table 2),
the integral with respect to z becomes

j‘ﬁw (@ ¢o Z' S: (—f)

where Sg‘(z) is evaluated at the beginning of the interval of length
Az = 60 cm. The last term is c>]_3(?2O)
¢
The individual terms were evaluated by making the chanpe of variable

u = - Ro(p) in Equation 3 of the text. Hence,

e_o,o;o'?[;t K, (f’_] e‘o OSO?“ILH? (‘Fjaﬂ-«
"Jﬂ’a@) s f

©. o_aa?) 0,03

f

Substituting from Table 2 the values for 5; .and from Table A2.2 for M J"

1 obtained —_ —~ .
doze = "?fé/"‘C‘

A3.2 Integration for the Last 1k Feet

The equations used for the last 1L feet of the target box (780< z <1200 cnm)

were as follows:

e

o, 95" &= (200 O —0.,0=° 7(%-//0
fs (=) )
26-40

= 2fdompfdz  [S @ e % Lo
—0.977 F=7R0 R0 e

T+ 0656 pE71200 o0 _ 00207 -ph 2
quDMﬁ/’) dz fs}iz)é Gt
774_0.656 F=7Fo ﬂar/af_?ﬂ_aﬂ(g

3y+o5?»f F =200 ,_o,o_?a7éz~/63)
[t i) [+ 5, ) € A

I e .
/2‘ 0. 594 Z=7%e =ik ?/;uf,/qj
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Substituting from Table 2 the values for S; gave
1. = 1370 C
‘LQG"QG 32ym ‘

A3.3 TIntegration Beyond the End of the Target Box

The massive addij:icnal concrete shielding beyond the end of the target
box insured that there was no soil activation for z Z 1200 em and

e éllO cm. An integration was still resquired to find the 22Na
activity for A > 110 cm. Since the last measured value of 5(z) was
for z = 1140 cm, an expression for 5(z) was determined from that
value for use when z was greater than 1200 cm, From the results of
the Monte Carlo calewlation (Fig. 3) I found that a decrease of ten
times resulted for every 150 cm increase in z beyond z = 1200 cm.

This yielded the expression

-0.015L (z - 1200)
S{z) = S(llho)e for z 21200,

Since the contribution to the total activity from beyond the .
end of the box was expected to be small, I simplified the calculation
by assuming a cylindrical target box cross section of radius 110 om,

a conservative assumption., The resulting equation was

2 =0 of _0'0,‘5'546‘!—-120‘9 - 9,032 ?’r-lﬂ:
1;401/L€f42 /22(”ﬂ)€' 63000(,4‘
o 2

Z =(200 <o
where the value. 87 (11L0) corresponding to 110 cm of steel was used.

The 22Na activity in the soil beyond the end of the target box was

]f)L*O & :?ff/&ff;
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Since the activity decreases rapidly for z < 0 (Fig. 3) and since
the caleulation for z > 1200 was an over-estimate, no caleculation
was made for the activity in the soil preceding (upstream from) the

target box. The total 22§a activity in the soil, therefore, was

T = 1 + L -

4ot | 0~7¢ 26 ~4v 740
or

= 387 G
Lot 4
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Appendix 'li. CONVERSION TO DESIGN STEEL

Comparison with A, Van Ginneken's calculation for the Proton
East Target Box! required changes in the steel thickness used in
Appendix 3. The sides and bottom were 131 cm thick in the original
design and the top was 109 cm. Since the integration (Appendix 3)
was made for a steel thickness below the target of 110 cm, the values
S1(z) were already available. These values for the 22Na concentrations
in the soil outsidé the concrete enclosure were determined from the
tag results. The difference between 109 and 110 cm of steel resulted
in only a three per cent correction for the concentration when a check
was made at one location., Consequently, the values Sl(z) were used
in integrating the equation for the activity above the target box.

The prescription used for the 131 cm thickness is given below.

To find the new set of concentrations SS(Z} for a steel thickness
of 131 cm, a new set of attenuation factors was needed. These were used
to correct the values of Sl(z) for use in the equations for the sides
and bottom of the target box. Since the attenuation coefficients were
known (Table Al.l) and the thickness difference was 131 - 110 or 21 c¢m,

the attenuation factors were given by
4? CE?.2£/+

Thnese factors and the new set of concentrations Ss(z) are presented in

Table AlL.1.
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Table A4.1. Attenuation Factors for Conversion to Design Steel

Distance 2 Attenuation Attenuation 22Na Soil
from Front End Coefficient Factor Concentration
of Target Box u £ . Outside Wall

(cm) . :
PCl/g pCl/cm3
Sg (2)

1.1

0 0.06978 4.33
" 2.1

60
120 0.04264 2.45
180 "

240 0.03838 2.24
300 " L]
360 " n
420 iy "
480 " "
540 fn n
600 1" "
660 " "
720 " "
780 n 1]
840 " L1}
900 # L]
960 L] 11

1020 " "

1080 " "

1140 " "
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Since the design calculation by A. Van Ginneken7 did not consider
contributions from beyond the end of the target box, the integral from
z = 1200 to 0¢ was omitted. See Appendix 3. Also, since there was no
change in thickness along the length of the box, the same equations were

used for the entire length. Therefore, the equations used were simply

. T+ 0,698 , 1140
- 0,020 /30
Logo = fa,o Ms.(sc) dz fS Ee Ceo
Degign hlEL
T+0.872 alifo ~0,0307 (r~10%)

+ . 6/§ﬂ ”7:(?9 Cfi?') (‘i) éz 7 ' e, W&L

“0.872 o hero ’
where the limits of integration for 41 are shown in Fig. 7 and the values
for M;(?a).are_found'in Table A2.3.

The result for the steel used in the design calculation was

ya 3f3/.0:.
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